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Abstract
In our previous paper we construct a renormalizable Wess-Zumino action on BFNC super-
space at the second order approximation of noncommutative parameters. The action contains
about 200 terms which are necessary for renormalization. By removing chiral covariant deriva-
tives and chiral coordinates we found that the BFNC Wess-Zumino action can be transformed
to a simpler form which have manifest 1/2 supersymmetry. Based on this discovery, we can
extend the BFNC Wess-Zumino action to the all order of noncommutative parameters. At first
we introduce global symmetries, then obtain divergent operators in the effective action by using
dimensional analysis, the next step is to construct all possible BFNC parameters, at the end
we combine the BFNC parameters with the divergent operators. We present the explicit action
up to the fourth order of noncommutative parameters. Because the action contain all possible
divergent operators, it is renormalizable to all order in perturbative theory.
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1 Introduction
There are many studies on noncommutative field theory in recent years [1, 2]. The introduc-
tion of supersymmetry on noncommutative spacetime is also very interesting. We can classify
the noncommutative superspace by three kind. The first kind is Bosonic noncommutative su-
perspace in which the algebraic relation is
[
xk, xl
]
= i θkl. It can be obtained from string
theory [3]. Ref. [4] constructed Wess-Zumino and Super Yang-Mills model on this superspace.
The renormalization property of these models were studied in Ref. [5]. They proved that the
Wess-Zumino model is renormalizable.
The second kind is non-anticommutative (NAC) superspace
{
θα, θβ
}
= Cαβ . It can also
be obtained from string theory [6, 7]. In Ref. [8] the author defined Wess-Zumino and Super
Yang-Mills model on this superspace. There are many work studying these models, for example
Ref. [9] calculate the 1PI effective action for NAC Wess-Zumino model, and found a new term
(−g2/ǫ)
∫
d8z (m∗)2 U (D2Φ)
2
, where U = θ2 θ¯2 C2 in the effective action. This term make the
deformed action not renormalizable. By introducing two global U(1) symmetries, Ref. [10, 11]
prove that if one add this term to the deformed action, the new action is renormalizable to all
order in perturbative theory.
The third kind is Bosonic-Fermionic noncommutative (BFNC) superspace, the algebraic
relation is
[
xk, θα
]
= i Λkα. In Ref. [12] the author found the origin of this structure in
string theory. To study the field theory on BFNC superspace, in Ref. [13, 14], we constructed
a deformed Wess-Zumino model. By calculating the 1PI effective action, we obtain three
effective action Γ (Λ2) = a0 SΛ (Λ
2)+a1 Γ1st (Λ
2)+a2 Γ2nd (Λ
2)+a3 Γ3rd (Λ
2) and classified them
by 1/2 supersymmetry invariant subset Γ (Λ2) =
∑74
i=1 fi. By using these invariant subset,
we obtain more general 1/2 supersymmetry invariant action S(3) = SWZ +
∫
d8z
(∑74
i=1Bi
)
and prove that it is one-loop renormalizable. To extend the renormalizability to all order in
perturbative theory, we introduce two global U(1) symmetries and obtain a modified action
S ′(3) = S
′
WZ +
∫
d8z
(∑74
i=1 ci Bi
)
, after adding the other divergent terms obtained by using
dimensional analysis we obtain a BFNC Wess-Zumino model S ′(3) +
∫
d8z
(∑89
i=75 ci Bi
)
at the
second order approximation of noncommutative parameters. Because the action contain all of
the divergent operators, it is renormalizable to all order in perturbative theory.
In our previous studies [13, 14] the action contains only second order of noncommutative
parameters. The associate property of BFNC star product need higher order of noncommutative
parameters. Even at second order of noncommutative parameters, the BFNC Wess-Zumino
model contain about 200 terms, this make the extension to higher oder approximation of
1
noncommutative parameters very difficult. Inspired by recent studies on super Yang-Mills
theory on NAC superspace [15] and BFNC superspace [16], we found that by removing chiral
covariant derivatives D2 and chiral coordinates θ2, the BFNC Wess-Zumino action can be
transformed to more simpler form. With this discovery, we can extend the BFNC Wess-Zumino
action to the all order of noncommutative parameters. To illustrate the idea, we will present
the explicit action up to the fourth order of noncommutative parameters in this paper.
The organization of this paper is as follows, in section 2 we determine the divergent operators
by using dimensional analysis method up to the fourth order of noncommutative parameters,
in section 3 we construct all related BFNC parameters, in section 4 we construct 1/2 super-
symmetric invariant action by combining the BFNC parameters with the divergent operators,
we give our conclusion and outlook in section 5.
2 Divergent operators
By using two global U(1) symmetries, we can determine the divergent operators in the
effective action. We list them as follows, at the order of Λ2,
• NΦ = ND2, ND¯ = 0, N∂∂ = 0.
Φ+, Φ+Φ+, Φ+Φ+Φ+, Φ+Φ+Φ+Φ+, Φ+Φ+Φ+Φ+Φ+,
D2Φ, D2ΦΦ+, D2D2ΦΦ, D2ΦΦ+Φ+, D2D2ΦΦΦ+, D2ΦΦ+Φ+Φ+. (1)
• NΦ = ND2, ND¯ = 0, N∂∂ = 1.
∂∂Φ+Φ+, D2∂∂ΦΦ+, D2D2∂∂ΦΦ, ∂∂Φ+Φ+Φ+, D2∂∂ΦΦ+Φ+,
∂∂Φ+Φ+Φ+Φ+. (2)
• NΦ = ND2, ND¯ = 0, N∂∂ = 2.
∂∂∂∂Φ+Φ+, D2∂∂∂∂ΦΦ+, ∂∂∂∂Φ+Φ+Φ+. (3)
• NΦ = ND2, ND¯ = 2, N∂∂ = 0.
D¯2Φ+, D¯2Φ+Φ+, D¯2Φ+Φ+Φ+, D¯2Φ+Φ+Φ+Φ+, D¯2Φ+Φ+Φ+Φ+Φ+,
D¯2Φ+Φ+Φ+Φ+Φ+Φ+. (4)
• NΦ > ND2, ND¯ = 0, N∂∂ = 0.
D2ΦΦ, D2ΦΦΦ, D2D2ΦΦΦ, D2ΦΦΦ+,
2
D2D2ΦΦΦΦ, D2ΦΦΦΦ+, D2D2ΦΦΦΦ+, D2ΦΦΦ+Φ+, D2ΦΦΦ+Φ+Φ+,
D2ΦΦΦΦ+Φ+, D2D2ΦΦΦΦΦ+, D2ΦΦΦΦ+Φ+Φ+. (5)
• The other operators,
D2∂∂ΦΦ, D2D2∂∂ΦΦΦ,
D2D
2
ΦΦ+, ∂DD¯ΦΦ+, ∂∂ΦΦ+,
D2D
2
ΦΦ+Φ+, ∂DD¯ΦΦ+Φ+, ∂∂ΦΦ+Φ+,
D2D2D
2
ΦΦΦ+, D2∂DD¯ΦΦΦ+, D2∂∂ΦΦΦ+,
D2D
2
ΦΦ+Φ+Φ+, ∂DD¯ΦΦ+Φ+Φ+, ∂∂ΦΦ+Φ+Φ+,
D2D2D
2
ΦΦΦ+Φ+, D2∂DD¯ΦΦΦ+Φ+, D2∂∂ΦΦΦ+Φ+,
D2D
2
ΦΦ+Φ+Φ+Φ+, ∂DD¯ΦΦ+Φ+Φ+Φ+, ∂∂ΦΦ+Φ+Φ+Φ+. (6)
At the order of Λ4,
• NΦ = ND2, ND¯ = 0, N∂∂ = 0.
D2D2D2ΦΦΦ,
D2D2ΦΦΦ+Φ+, D2D2D2ΦΦΦΦ+, D2D2D2D2ΦΦΦΦ,
D2ΦΦ+Φ+Φ+Φ+, D2D2ΦΦΦ+Φ+Φ+, D2D2D2ΦΦΦΦ+Φ+,
D2ΦΦ+Φ+Φ+Φ+Φ+, D2D2ΦΦΦ+Φ+Φ+Φ+,
D2ΦΦ+Φ+Φ+Φ+Φ+Φ+. (7)
• NΦ = ND2, ND¯ = 0, N∂∂ = 1.
D2D2∂∂ΦΦΦ+, D2D2D2∂∂ΦΦΦ,
D2∂∂ΦΦ+Φ+Φ+, D2D2∂∂ΦΦΦ+Φ+, D2D2D2∂∂ΦΦΦΦ+,
∂∂Φ+Φ+Φ+Φ+Φ+, D2∂∂ΦΦ+Φ+Φ+Φ+, D2D2∂∂ΦΦΦ+Φ+Φ+,
∂∂Φ+Φ+Φ+Φ+Φ+Φ+, D2∂∂ΦΦ+Φ+Φ+Φ+Φ+,
∂∂Φ+Φ+Φ+Φ+Φ+Φ+Φ+. (8)
• NΦ = ND2, ND¯ = 0, N∂∂ = 2.
D2D2∂∂∂∂ΦΦ,
D2∂∂∂∂ΦΦ+Φ+, D2D2∂∂∂∂ΦΦΦ+, D2D2D2∂∂∂∂ΦΦΦ,
∂∂∂∂Φ+Φ+Φ+Φ+, D2∂∂∂∂ΦΦ+Φ+Φ+, D2D2∂∂∂∂ΦΦΦ+Φ+,
∂∂∂∂Φ+Φ+Φ+Φ+Φ+, D2∂∂∂∂ΦΦ+Φ+Φ+Φ+,
∂∂∂∂Φ+Φ+Φ+Φ+Φ+Φ+. (9)
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• NΦ > ND2, ND¯ = 0, N∂∂ = 0.
D2D2D2ΦΦΦΦ,
D2D2ΦΦΦΦ+Φ+, D2D2D2ΦΦΦΦΦ, D2D2D2ΦΦΦΦΦ+, D2D2D2D2ΦΦΦΦΦ,
D2ΦΦΦ+Φ+Φ+Φ+, D2D2ΦΦΦΦ+Φ+Φ+, D2D2ΦΦΦΦΦ+Φ+,
D2D2D2ΦΦΦΦΦ+Φ+, D2D2D2ΦΦΦΦΦΦ+, D2D2D2D2ΦΦΦΦΦΦ,
D2ΦΦΦ+Φ+Φ+Φ+Φ+, D2ΦΦΦΦ+Φ+Φ+Φ+, D2D2ΦΦΦΦ+Φ+Φ+Φ+,
D2D2ΦΦΦΦΦ+Φ+Φ+, D2D2D2ΦΦΦΦΦΦ+Φ+,
D2ΦΦΦ+Φ+Φ+Φ+Φ+Φ+, D2ΦΦΦΦ+Φ+Φ+Φ+Φ+, D2D2ΦΦΦΦΦ+Φ+Φ+Φ+,
D2ΦΦΦΦ+Φ+Φ+Φ+Φ+Φ+. (10)
• The other operators,
D2D2D2∂∂ΦΦΦΦ,
D2D2D2D
2
ΦΦΦΦ+, D2D2∂DDΦΦΦΦ+,D2D2∂∂ΦΦΦΦ+,
D2D2D
2
ΦΦΦ+Φ+Φ+, D2∂DDΦΦΦ+Φ+Φ+, D2∂∂ΦΦΦ+Φ+Φ+,
D2D2D2D
2
ΦΦΦΦ+Φ+, D2D2∂DDΦΦΦΦ+Φ+, D2D2∂∂ΦΦΦΦ+Φ+,
D2D2D2D2D
2
ΦΦΦΦΦ+, D2D2D2∂DDΦΦΦΦΦ+, D2D2D2∂∂ΦΦΦΦΦ+,
D2D
2
ΦΦ+Φ+Φ+Φ+Φ+, ∂DDΦΦ+Φ+Φ+Φ+Φ+, ∂∂ΦΦ+Φ+Φ+Φ+Φ+,
D2D2D
2
ΦΦΦ+Φ+Φ+Φ+, D2∂DDΦΦΦ+Φ+Φ+Φ+, D2∂∂ΦΦΦ+Φ+Φ+Φ+,
D2D2D2D
2
ΦΦΦΦ+Φ+Φ+, D2D2∂DDΦΦΦΦ+Φ+Φ+, D2D2∂∂ΦΦΦΦ+Φ+Φ+,
D2D
2
ΦΦ+Φ+Φ+Φ+Φ+Φ+, ∂DDΦΦ+Φ+Φ+Φ+Φ+Φ+, ∂∂ΦΦ+Φ+Φ+Φ+Φ+Φ+,
D2D2D
2
ΦΦΦ+Φ+Φ+Φ+Φ+, D2∂DDΦΦΦ+Φ+Φ+Φ+Φ+, D2∂∂ΦΦΦ+Φ+Φ+Φ+Φ+,
D2D
2
ΦΦ+Φ+Φ+Φ+Φ+Φ+Φ+, ∂DDΦΦ+Φ+Φ+Φ+Φ+Φ+Φ+, ∂∂ΦΦ+Φ+Φ+Φ+Φ+Φ+Φ+.
(11)
3 BFNC parameters
In order to combine with possible divergent operators, we need BFNC parameters with the
following indices,
k l, α β, α˙ β˙, k α˙ β, k l α β, k l n o, (12)
they can only be constructed by using the following elements,
ǫαβ , ǫ
αβ , ǫα˙β˙, ǫ
α˙β˙, ηkl, η
kl,
4
ǫklmn, (σkl)αβ, (σ¯k)α˙β, Λkα. (13)
By using the algebraic relations of covariant derivatives D and D¯, we found some BFNC
parameters have certain symmetries. For example, if the BFNC parameter contains only α β
and α˙ β˙, it must be antisymmetric with respect to these indices. On the other hand, we
can obtain some BFNC parameters from others. For example, if we combine parameters with
indices k l α β and parameters with indices ǫαβ or ηkl, we can obtain parameters with indices
k l or α β. The parameters with indices k l can also be obtained from parameters with indices
k l n o. Because the indices α˙ β can be projected on
(
σ¯k
)α˙β
, if we find all of the parameters
with indices k l, then combine them with
(
σ¯k
)α˙β
by using ηkl, we will obtain all parameters
with indices k α˙ β Because the indices k l α β can be projected on ǫαβ and
(
σkl
)αβ
, to construct
parameters with indices k l α β, we can combine ǫαβ and parameters with indices k l, or combine(
σkl
)αβ
and parameters with indices k l or k l n o. We do not need to consider parameters with
more Bosonic indices, because combining
(
σkl
)αβ
and these parameters equivalent to combining(
σkl
)αβ
and parameters with indices k l or k l n o.
Based on above consideration, the task to construct parameters with indices in Eq. (12) is
equivalent to constructing all parameters with indices k l n o. We give the details in Appendix. D
and only list the BFNC parameters at order Λ0, Λ2 and Λ4.
• At order Λ0, parameters with indices kl and klno,
ηkl; ηkl ηno, ǫklno. (14)
• At order Λ2, parameters without any indices,
Λ2, σΛΛ. (15)
with indices α β,
Λ2 ǫαβ, σΛΛ ǫαβ ; Λ2 ǫα˙β˙, σΛΛ ǫα˙β˙. (16)
with indices k l,
Λ2 ηkl, σΛΛ ηkl, Λkl,
(
ησΛΛk
)
l. (17)
with indices k α˙ β,
Λ2 (σ¯k)α˙β, σΛΛ (σ¯k)α˙β, (σ¯n)α˙β Λkn,
ηnl (σ¯
l)α˙β (ησΛΛn)k, ηnl (σ¯
l)α˙β (ησΛΛk)n; (18)
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with indices k l n o,
Λ2 ηkl ηno, σΛΛ ηkl ηno, Λ2 ǫklno,
ηkl Λno, ηkl (ησΛΛn) o, ǫklnp Λp
o,
(
σΛΛkl
)
no. (19)
with indices k l α β,
Λ2 ηkl ǫαβ, σΛΛ ηkl ǫαβ, Λ2
(
σkl
)
αβ, σΛΛ
(
σkl
)
αβ,(
ησΛΛk
)
l ǫαβ , Λkl ǫαβ, Λkα Λlβ, ǫklno Λn
α Λo
β ,(
σkn
)
αβ Λn
l,
(
σΛkn
)
lα Λn
β,
(
ησΛk
)
α Λlβ, ηkl (ησΛn) α Λn
β . (20)
• At order Λ4, parameters without any indices,
Λ2 Λ2, Λ2 σΛΛ, σΛΛ σΛΛ (21)
with indices α β,
Λ2 Λ2 ǫαβ , Λ2 σΛΛ ǫαβ, σΛΛ σΛΛ ǫαβ;
Λ2 Λ2 ǫα˙β˙, Λ2 σΛΛ ǫα˙β˙, σΛΛ σΛΛ ǫα˙β˙. (22)
with indices k l,
Λ2 Λ2 ηkl, Λ2 σΛΛ ηkl, σΛΛ σΛΛ ηkl, Λ2 Λkl, σΛΛ Λkl,
Λ2
(
ησΛΛk
)
l, σΛΛ
(
ησΛΛk
)
l, (ησΛΛn) k Λn
l. (23)
with indices k α˙ β,
Λ2 Λ2
(
σ¯k
)α˙β
, Λ2 σΛΛ
(
σ¯k
)α˙β
, σΛΛ σΛΛ
(
σ¯k
)α˙β
,
Λ2 (σ¯n)α˙β Λkn, σΛΛ (σ¯
n)α˙β Λkn,
Λ2 ηn1n2 (σ¯
n2)α˙β
(
ησΛΛk
)n1
, Λ2 ηn1n2 (σ¯
n2)α˙β (ησΛΛn1)k ,
σΛΛ ηn1n2 (σ¯
n2)α˙β
(
ησΛΛk
)n1
, σΛΛ ηn1n2 (σ¯
n2)α˙β (ησΛΛn1)k ,
ηn1n2 (σ¯
n2)α˙β (ησΛΛn3)n1 Λkn3 , Λn1n2 (σ¯
n2)α˙β (ησΛΛn1)k . (24)
with indices k l n o,
Λ2 Λ2 ηkl ηno, Λ2 σΛΛ ηkl ηno, σΛΛ σΛΛ ηkl ηno, Λ2 Λ2 ǫklno,
Λ2 ηkl Λno, σΛΛ ηkl Λno, Λ2 ηkl (ησΛΛn) o, σΛΛ ηkl (ησΛΛn) o,
Λ2 ǫklnp Λp
o, Λ2
(
σΛΛkl
)
no, σΛΛ
(
σΛΛkl
)
no,
Λkl Λno,
(
ησΛΛk
)
l Λno,
(
σΛΛkp
)
ln Λp
o, ηkl (ησΛΛp) n Λp
o,
ǫklpq Λp
n Λq
o. (25)
6
with indices k l α β,
Λ2 Λ2 ηkl ǫαβ , Λ2 σΛΛ ηkl ǫαβ, σΛΛ σΛΛ ηkl ǫαβ
Λ2 Λ2
(
σkl
)
αβ, Λ2 σΛΛ
(
σkl
)
αβ, σΛΛ σΛΛ
(
σkl
)
αβ ,
Λ2
(
ησΛΛk
)
l ǫαβ, σΛΛ
(
ησΛΛk
)
l ǫαβ, Λ2 Λkl ǫαβ, σΛΛ Λkl ǫαβ,
Λ2 Λkα Λlβ, σΛΛ Λkα Λlβ, Λ2 ǫklno Λn
β Λo
α,
Λ2
(
σkn
)
αβ Λln, σΛΛ
(
σkn
)
αβ Λln, Λ
2
(
σΛkn
)
lα Λβn, σΛΛ
(
σΛkn
)
lα Λβn,
Λ2
(
ησΛk
)
α Λlβ, σΛΛ
(
ησΛk
)
α Λlβ , Λ2 ηkl (ησΛn) α Λβn, σΛΛ η
kl (ησΛn) α Λβn,
(ησΛΛn) k Λln ǫ
αβ , Λkn Λ
l
o (σ
no) αβ , Λkl (ησΛn) α Λβn, ǫ
knop Λln Λ
α
o Λ
β
p ,
(σΛΛno) kl Λαn Λ
β
o , (ησΛΛ
n) k Λlα Λβn, (σΛ
no) kα Λln Λ
β
o , (ησΛ
n) α Λkβ Λln. (26)
4 Construct 1/2 supersymmetric invariant action
We can construct 1/2 supersymmetric invariant action by using the BFNC parameters and
divergent operators as follows,
1. We can remove θ2 in
∫
d4x d4θ θ4 by integrating by part of D2 .
2. We do not apply Dα, Dα˙ on the same superfield, because we will obtain
(
σk
)
αβ˙ ∂k by
using D algebraic relations.
3. Take into account the possible simplification when combining BFNC parameters with
∂k∂l or DαDβ.
4. For operators with the same number of superfields and containing D2D
2
, ∂DD or ∂∂, we
only keep the D
2
.
5. We define new parameters by using the BFNC parameters. At the order of Λ2, we define
Xi, Xi
k1k2, Xi
k1k2k3k4 , X i
k1k2,k3k4, Xi
k1α˙β, Xi
k1k2αβ, X i
k1k2αβ, see Eq. (A13)-(A19). At
the order of Λ4, we define Yi, Yi
k1k2, Y i
k1k2 , Yi
k1k2k3k4 , Y i
k1,k2k3k4, Y˜i
k1k2,k3k4, Yˆi
k1k2,k3k4,
Y˜ i
k1,k2k3,k4, Yi
k1α˙β, Yi
k1k2αβ, Y i
k1k2αβ, Y˜i
k1k2αβ, see Eq. (A21)-(A32).
At the order of Λ2, by using Eq. (1) we can construct the following action,∫
d4x d4θ
{
X1 θ
4 Φ+ +X2 θ
4
(
Φ+
)2
+X3 θ
4
(
Φ+
)3
+X4 θ
4
(
Φ+
)4
+X5 θ
4
(
Φ+
)5
+X6 θ
2
Φ
+X7 θ
2
Φ Φ+ +X8 θ
2 (
D2Φ
)
Φ+X9 θ
2
Φ
(
Φ+
)2
+X10 θ
2 (
D2Φ
)
Φ Φ+ +X11 θ
2
Φ
(
Φ+
)3}
.
(27)
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by using Eq. (2) we obtain,∫
d4x d4θ
{
X12
k1k2 θ4
(
∂k1∂k2Φ
+
)
Φ+ +X13
k1k2 θ
2
Φ
(
∂k1∂k2Φ
+
)
+X14
k1k2 θ
2 (
∂k1∂k2D
2Φ
)
Φ
+X15
k1k2 θ4
(
∂k1∂k2Φ
+
) (
Φ+
)2
+X16
k1k2 θ
2
Φ
(
∂k1Φ
+
) (
∂k2Φ
+
)
+X17
k1k2 θ
2
Φ
(
∂k1∂k2Φ
+
)
Φ+
+X18
k1k2 θ4
(
∂k1∂k2Φ
+
) (
Φ+
)3}
. (28)
by using Eq. (3) we obtain,∫
d4x d4θ
{
X19
k1k2k3k4 θ4
(
∂k1∂k2∂k3∂k4Φ
+
)
Φ+ +X20
k1k2k3k4 θ
2
Φ
(
∂k1∂k2∂k3∂k4Φ
+
)
+X21
k1k2k3k4 θ4
(
∂k1∂k2∂k3∂k4Φ
+
) (
Φ+
)2
+X22
k1k2,k3k4 θ4
(
∂k1∂k2Φ
+
) (
∂k3∂k4Φ
+
)
Φ+
}
. (29)
by using Eq. (4) we obtain,∫
d4x d4θ
{
X23 θ
4
(
D¯2Φ+
)
+X24 θ
4
(
D¯2Φ+
)
Φ+ +X24 ǫ
α˙β˙ θ4
(
D¯α˙Φ
+
) (
D¯β˙Φ
+
)
+
1
2
X25 θ
4
(
D¯2Φ+
) (
Φ+
)2
+X25 ǫ
α˙β˙ θ4
(
D¯α˙Φ
+
) (
D¯β˙Φ
+
)
Φ+ +
1
3
X26 θ
4
(
D¯2Φ+
) (
Φ+
)3
+X26 ǫ
α˙β˙ θ4
(
D¯α˙Φ
+
) (
D¯
β˙
Φ+
) (
Φ+
)2
+
1
4
X27 θ
4
(
D¯2Φ+
) (
Φ+
)4
+X27 ǫ
α˙β˙ θ4
(
D¯α˙Φ
+
) (
D¯
β˙
Φ+
) (
Φ+
)3
+
1
5
X28 θ
4
(
D¯2Φ+
) (
Φ+
)5
+X28 ǫ
α˙β˙ θ4
(
D¯α˙Φ
+
) (
D¯
β˙
Φ+
) (
Φ+
)4}
. (30)
by using Eq. (5) we obtain,∫
d4x d4θ
{
X29 θ
2
Φ2 +X30 θ
2
Φ3 +X31 θ
2 (
D2Φ
)
Φ2 +X32 θ
2
(Φ)2 Φ+ +X33 θ
2 (
D2Φ
)
Φ3
+X34 θ
2
Φ3 Φ+ +X35 θ
2 (
D2Φ
)
Φ2 Φ+ +X36 θ
2
Φ2
(
Φ+
)2
+X37 θ
2
Φ2
(
Φ+
)3
+X38 θ
2
Φ3
(
Φ+
)2
+X39 θ
2 (
D2Φ
)
Φ3 Φ+ +X40 θ
2
Φ3
(
Φ+
)3}
. (31)
by using Eq. (6) we obtain,∫
d4x d4θ
{
X41
k1k2 θ
2
(∂k1∂k2Φ)Φ +X42
k1k2 θ
2 (
∂k1∂k2D
2Φ
)
Φ2 +X43
k1k2 θ
2 (
D2Φ
)
(∂k1∂k2Φ)Φ
+X44
k1k2αβ θ
2
(∂k1∂k2DαΦ) (DβΦ)Φ +X45
k1k2αβ θ
2
(∂k1DαΦ) (∂k2DβΦ)Φ +X46 θ
2
Φ
(
D
2
Φ+
)
+X47 θ
2
Φ
(
D
2
Φ+
)
Φ+ +X48 ǫ
α˙β˙ θ
2
Φ
(
Dα˙Φ
+
) (
Dβ˙Φ
+
)
+X49 θ
2 (
D2Φ
)
Φ
(
D
2
Φ+
)
+X50 ǫ
αβ θ
2
(DαΦ) (DβΦ)
(
D
2
Φ+
)
+X51
k1α˙β θ
2
(∂k1DβΦ)Φ
(
Dα˙Φ
+
)
+X52
k1α˙β θ
2
(DβΦ) (∂k1Φ)
(
Dα˙Φ
+
)
+X53
k1k2 θ
2
(∂k1∂k2Φ)Φ Φ
+ +X54
k1k2 θ
2
(∂k1Φ) (∂k2Φ)Φ
+
+X55 θ
2
Φ
(
D
2
Φ+
) (
Φ+
)2
+X56 ǫ
α˙β˙ θ
2
Φ
(
Dα˙Φ
+
) (
D
β˙
Φ+
)
Φ+ +X57 θ
2 (
D2Φ
)
Φ
(
D
2
Φ+
)
Φ+
+X58 ǫ
α˙β˙ θ
2 (
D2Φ
)
Φ
(
Dα˙Φ
+
) (
Dβ˙Φ
+
)
+X59 ǫ
αβ θ
2
(DαΦ) (DβΦ)
(
D
2
Φ+
)
Φ+
+X60
k1α˙β θ
2
(∂k1DβΦ)Φ
(
Dα˙Φ
+
)
Φ+ +X61
k1α˙β θ
2
(DβΦ) (∂k1Φ)
(
Dα˙Φ
+
)
Φ+
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+X62
k1α˙β θ
2
(DβΦ)Φ
(
∂k1Dα˙Φ
+
)
Φ+ +X63
k1k2 θ
2
(∂k1∂k2Φ)Φ
(
Φ+
)2
+X64
k1k2 θ
2
(∂k1Φ) (∂k2Φ)
(
Φ+
)2
+X65
k1k2 θ
2
Φ2
(
∂k1∂k2Φ
+
)
Φ+
+X66 θ
2
Φ
(
D
2
Φ+
) (
Φ+
)3
+X67 ǫ
α˙β˙ θ
2
Φ
(
Dα˙Φ
+
) (
D
β˙
Φ+
) (
Φ+
)2}
. (32)
At the order of Λ4, we can construct the action corresponding to the operators in Eq. (7)-(11),
see Eq. (A34)-(A38) in the Appendix.
5 Conclusion and outlook
In summary, at the order of Λ2, we construct actions in Eq. (27)-(32) for divergent operators
in Eq. (1)-(6). Except for the action in Eq.(30), all of the parameters are independent. After
removing D2, we found
∫
d4xd4θ θ4 →
∫
d4xd4θ θ
2
for some terms in Eq. (27)-(30), and all
terms in Eq. (31)-(32).
Because the deformed action Eq. (A4) have 1/2 supersymmetry, its effective action should
also have 1/2 supersymmetry. The action in Eq. (27)-(32) that writen as a superspace integral∫
d4xd4θ θ
2
have manifest 1/2 supersymmetry, because there is no θ2 that do not commute
with the supersymmetry generator Qα. The 1/2 supersymmetry invariance of the action with
superspace integral
∫
d4xd4θ θ4 in Eq. (27)-(30) can also be verified easily. At the order of Λ2,
we can add the action in Eq. (27)-(32) to the deformed action in Eq. (A4) and define a new
action, which is renormalizable to all order in perturbative theory, because it contains all of
the divergent operators and have 1/2 supersymmetry.
If we add the Λ2 order action in Eq. (27)-(32) and the Λ4 oder action in Eq. (A34)-(A38)
to the deformed action in Eq. (A4), we obtain a renormalizable BFNC Wess-Zumino action
at the order of Λ4. It is straightforward to extend the construction to the order of Λ8, which
is the highest order of noncommutative parameters, because there are 8 different Fermionic
noncommutative parameters Λkα.
We found there are many free parameters for BFNC Wess-Zumino model and expect the
introduction of supergauge symmetry [16] will reduce the number of free parameters.
Acknowledgments
The author would like to thank Professors Jian-Xin Lu, Yan-Gang Miao, Zhi-Guang Xiao
for helpful discussions. This work was supported by a key grant from the NSF of China with
Grant No: 11235010.
9
A The deformed Wess-Zumino model on BFNC super-
space
The Wess-Zumino model is defined on superspace as follows,
SWZ =
∫
d8z
{
Φ+Φ−
m
8
Φ
(
D2

Φ
)
−
m∗
8
Φ+
(
D¯2

Φ+
)
−
g
12
Φ Φ
(
D2

Φ
)
−
g∗
12
Φ+ Φ+
(
D¯2

Φ+
)}
. (A1)
BFNC star product is defined as follows,
F ⋆G ≡ µ
{
exp
[
i
2
Λkα
(
∂
∂yk
⊗
∂
∂θα
−
∂
∂θα
⊗
∂
∂yk
)]
⊲ (F⊗G)
}
, (A2)
Taylor expansion,
F ⋆G = FG−
i
2
Λkα (∂αF) (∂kG) + (−1)
|F| i
2
Λkα (∂kF) (∂αG)
+
1
8
Λkα Λlβ (∂k∂lF) (∂α∂βG) +
1
8
Λkα Λlβ (∂α∂βF) (∂k∂lG)
+(−1)|F|
1
4
Λkα Λlβ (∂β∂kF) (∂α∂lG)
−
i
16
Λkα Λlβ Λmζ (∂α∂l∂mF) (∂β∂ζ∂kG)
+(−1)|F|
i
16
Λkα Λlβ Λmζ (∂α∂β∂mF) (∂ζ∂k∂lG)
−
1
64
Λkα Λlβ Λmζ Λnι (∂α∂ζ∂l∂nF) (∂β∂ι∂k∂mG) , (A3)
where ∂k ≡
∂
∂yk
, ∂α ≡
∂
∂θα
.
By replacing the ordinary products in Eq. (A1) by star products Eq. (A3), we obtain,
SNC =
∫
d8z
{
Φ+Φ−
m
8
Φ
(
D2

Φ
)
−
m∗
8
Φ+
(
D¯2

Φ+
)
−
g
12
Φ Φ
(
D2

Φ
)
−
g∗
12
Φ+ Φ+
(
D¯2

Φ+
)
−
g
32
Λkl θ4 Φ
(
D2Φ
) (
∂l∂kD
2Φ
)
−
g
32
Λkl θ4 Φ
(
∂kD
2Φ
) (
∂lD
2Φ
)
−
g∗
6
Λkl θ4 Φ+
(
Φ+
) (
∂k∂lΦ
+
)
−
g∗
3
(
σΛΛkl
)no
θ4 Φ+
(
∂k∂nΦ
+
) (
∂l∂oΦ
+
)
+
g∗
6
ηkl Λno θ4 Φ+
(
∂k∂nΦ
+
) (
∂l∂oΦ
+
)
−
g
16
ǫαβ Λkl θ4 (∂kDαΦ) (∂lDβΦ)
(
D2Φ
)
−
g
16
ǫαβ ǫζι Λkβ Λ
l
ι θ
4 (∂kDαΦ) (∂lDζΦ)
(
D2Φ
)
−
g
3072
Λkl Λno θ4
(
D2Φ
) (
∂l∂kD
2Φ
) (
∂o∂nD
2Φ
)}
, (A4)
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dim U(1)R U(1)Φ dim U(1)R U(1)Φ
m 1 0 -2 m∗ 1 0 2
g 0 -1 -3 g∗ 0 1 3
(Λkα)
2 -3 2 0 V -5 2 0
d4θ 2 0 0 θ4 -2 0 0
Φ 1 1 1 Φ+ 1 -1 -1
Dα
1
2
-1 0 D¯α˙
1
2
1 0
D2 1 -2 0 D¯2 1 2 0
∂k 1 0 0 d
4x -4 0 0
B Determine divergent operators
We introduce two global U(1) symmetries.
We obtain the following constraints on the divergent operators,
Γ =
∫
d4x λ O, λ ∼ ΛdUV g
x−R g∗x
(
m
ΛUV
)y (
m∗
ΛUV
)y+S−3R
2
,
O = d4θ (D2)γ (D¯2)δ (∂DD¯)η (∂∂)ζ V ρ Φα (Φ+)β, V ≡ (Λkα)
2 θ4,
d = 2− α− β − γ − δ − 2 ζ − 2 η + 5 ρ, R = −α + β + 2 γ − 2 δ − 2 ρ, S = −α + β,
P = d+
3
2
R−
1
2
S − 2 y = 2− 2 y − 2 α + 2 γ − 4 δ − 2 ζ − 2 η + 2 ρ ≥ 0,
γ ≤ α− η, δ ≤ β − η,
γ ≥ 0, δ ≥ 0, α ≥ 0, η ≥ 0, ρ ≥ 0, ζ ≥ 0, β ≥ 0,
ρ = 2,
y ≥ 0, x ≥ 0, x+ α− β − 2 γ + 2 δ + 2 ρ ≥ 0, y + α− β − 3 γ + 3 δ + 3 ρ ≥ 0. (A5)
C Convention and identities
We define the following symbols,
Λkl ≡ ǫαβ Λkβ Λ
l
α, Λ
2 ≡ ηkl Λ
kl,
σΛΛ ≡ ηkn ηlo
(
σkl
)αβ
Λnα Λ
o
β,
(
σΛkl
)nα
≡
(
σkl
)βα
Λnβ,(
ησΛk
)α
≡ ηln
(
σnk
)βα
Λlβ,
(
ησΛΛk
)l
≡ ηno
(
σok
)αβ
Λnα Λ
l
β,(
σΛΛkl
)no
≡
(
σkl
)αβ
Λnα Λ
o
β . (A6)
Combine σ,
σlβγ˙
(
σ¯k
)α˙β
= −δα˙γ˙ η
kl + 2
(
σ¯kl
)α˙
γ˙,
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σkαβ˙
(
σ¯l
)β˙γ
= −δαγ η
kl + 2
(
σkl
)γ
α
. (A7)
Reduce the number of σ,
σkγζ˙
(
σ¯lm
)ζ˙
α˙ =
1
2
ηkm σlγα˙ −
1
2
ηkl σmγα˙ −
i
2
ηno ǫ
oklm σnγα˙,
(σ¯m)β˙γ
(
σ¯kl
)α˙
β˙ = −
1
2
ηlm
(
σ¯k
)α˙γ
+
1
2
ηkm
(
σ¯l
)α˙γ
+
i
2
ηno ǫ
oklm (σ¯n)α˙γ ,
(σ¯m)α˙β
(
σkl
)γ
β
=
1
2
ηlm
(
σ¯k
)α˙γ
−
1
2
ηkm
(
σ¯l
)α˙γ
+
i
2
ηno ǫ
oklm (σ¯n)α˙γ ,
σmβγ˙
(
σkl
)β
α
= −
1
2
ηlm σkαγ˙ +
1
2
ηkm σlαγ˙ −
i
2
ηno ǫ
oklm σnαγ˙ ,(
σ¯kl
)α˙
β˙ (σ¯
mn)β˙ α˙ =
i
2
ǫklmn +
1
2
ηkn ηlm −
1
2
ηkm ηln,(
σkl
)ζ
α
(σmn)αζ = −
i
2
ǫklmn +
1
2
ηkn ηlm −
1
2
ηkm ηln. (A8)
We can reduce the number of σ from 2 to 1 for the following combinations,
(
σkl
)αβ
σΛΛnokl, ηkl
(
σln
)αβ
(ησΛΛo)k , ηkl (σΛ
no)lα
(
ησΛk
)β
,
ηln (ησΛΛ
n)q (σΛΛor)ls , ηkl ηno
(
σΛlq
)oβ
(σΛnp)kα ,
(ησΛq)β (ησΛp)α , (ησΛΛo)p (ησΛΛs)q , σΛΛklno σΛΛ
no
kl,
ηkl ηno
(
ησΛΛl
)o
(ησΛΛn)k , ηkl ηno
(
σΛΛlo
)np
(σΛΛqr)ks ,
ηkl ηno
(
σΛΛlp
)oq
(σΛΛnr)ks , Λkl
(
σΛΛkp
)qr (
ησΛΛl
)s
,
Λkl Λno
(
σΛΛkn
)l1l2 (
σΛΛlo
)l3l4
, Λlk1
(
σk1k2
)
αβ
(
ησΛΛl
)o
,
Λk1k3 ηk2l3
(
σk1k2
)
αβ
(
σΛΛk3k4
)
l3l4 . (A9)
Other identities,
(
σΛΛk3k4
)
l3l4 Λl5l6 = −
(
σΛΛk3k4
)
l6l4 Λl3l5 −
(
σΛΛk3k4
)
l5l4 Λl3l6 ,
Λkl Λkl = −
1
2
Λ2 Λ2,(
ησΛΛk
)l
Λkl = −
1
2
Λ2 σΛΛ,
Λkn Λlo ηkl = −
1
2
Λ2 Λno,
(ησΛΛn1)k3 Λk4n1 (∂k3∂k4X) = −
1
2
σΛΛ Λk3k4 (∂k3∂k4X) ,
Λk1k2
(
ησΛΛk3
)k4
(∂k1∂k2∂k4X) = 0,
Λk1k3 Λk2k4 (∂k1∂k2X) =
1
2
Λk1k2 Λk3k4 (∂k1∂k2X) . (A10)
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D BFNC parameters
We do not allow combination of ǫ and σ, because we can use identity to cancel ǫ. For
example, if we consider σΛΛ ǫk1k2k3k4, then we have,
σΛΛ ǫk1k2k3k4 = −2i
(
σΛΛk1k2
)
k3k4 + 2i
(
σΛΛk1k3
)
k2k4 − 2i
(
σΛΛk2k3
)
k1k4,
−2i
(
σΛΛk1k4
)
k2k3 + 2i
(
σΛΛk2k4
)
k1k3 − 2i
(
σΛΛk3k4
)
k1k2.
We also do not consider combination that contain two ǫ, because we can transform ǫ to δ
by using ǫk1k2k3k4 ǫl1l2l3l4 = δ
k1
[l1 δ
k2
l2 δ
k3
l3 δ
k4
l4].
We will not use ηkl when constructing parameters, but we can combine ηkl and parameters
with indices n o to obtain parameters with indices k l n o.
Further more, we demand the number of σ can not be reduced in the combinations, we also
require the combinations not producing Λ2 or σΛΛ.
D.1 Λ2
Some of the parameters with indices k l and k l n o can be obtained by using Λ2 and σΛΛ.
The parameters with indices k l are,
Λ2 ηkl, σΛΛ ηkl (A11)
with indices k l n o are,
Λ2 ηkl ηno, σΛΛ ηkl ηno, Λ2 ǫklno. (A12)
To construct new parameters with indices k l and k l n o, we consider the following combi-
nations,
1. To construct parameters with indices k l n o by using ǫk1k2k3k4 Λl1β1 Λl2β2, we can contract
it with ǫβ1β2 and obtain ǫ
k1k2k3k4 Λl1l2 , where we define Λl1l2 = Λl1β1 Λl2β2 ǫβ1β2 . There
are 6 indices in ǫk1k2k3k4 Λl1l2 , and have to contract with a η. We can not contract ki,
because the result is 0. If we contract li, the result is Λ
2, which is defined as Λ2 = ηkl Λ
kl.
If we obtain Λ2, then the parameters are contained in Eq. (A11), (A12). As a result we
can only contract ki and li in ǫ
k1k2k3k4 Λl1l2 . Considering the symmetries of ki and li, the
only possible contraction is k1 and l1, the result is ǫ
n1k2k3k4 Λn1
l2 . We can only obtain
parameters with indices k l n o by using ǫk1k2k3k4 Λl1β1 Λl2β2. If we want to construct
parameters with indices k l, then we must contract ǫn1k2k3k4 Λn1
l2 with a η, due to the
antisymmetric indices of ǫ, the result is 0.
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2. Starting from Λl1β1 Λl2β2 , if we contract it with ǫβ1β2 , we will obtain Λ
l1l2 . If we combine
Λl1l2 and ηl3l4 , the result is Λl1l2 ηl3l4 .
3. For
(
σk1k2
)
α1α2 Λl1β1 Λl2β2 , if we contract it with ǫβ1β2 , the result have symmetric in-
dices α1α2. If we contract α1α2 with ǫα1α2 , the result is 0. So we can only contract(
σk1k2
)
α1α2 Λl1β1 Λl2β2 with ǫα1β1 ǫα2β2 and obtain
(
σΛΛk1k2
)
l1l2 . We define
(
σΛΛk1k2
)
l1l2 =(
σk1k2
)
αβ Λl1α Λ
l2
β (where k1, k2 are antisymmetric, l1, l2 are also antisymmetric). We
also define Λlα = ǫαβ Λ
lβ.
(
σΛΛk1k2
)
l1l2 contain indices k l n o, we can obtain param-
eters with indices k l by contracting it with ηk1l1, the result is
(
ησΛΛk2
)
l2 . We define(
ησΛΛk2
)
l2 = ηk1l1
(
σΛΛk1k2
)
l1l2 . We can construct parameters with indices k l n o by
using
(
ησΛΛk2
)
l2 , that is
(
ησΛΛk2
)
l2 ηl3l4 .
4. Let us consider
(
σk1k2
)
α1α2
(
σk3k4
)
α3α4 Λl1β1 Λl2β2. We have to contract α1 α2 α3 α4 β1 β2
by using ǫ. The indices αi can not be contracted with ǫ, otherwise the number of σ will
be reduced from 2 to 1. We have already considered the combination with one σ. If we
contract βi with ǫ, then we must also contract αi with ǫ. Anyway, we have to contract
αi. So this combination do not give new parameters.
5. The combinations with more σ such as
(
σk1k2
)
α1α2
(
σk3k4
)
α3α4
(
σk5k6
)
α5α6 Λl1β1 Λl2β3
will not give new parameters.
At the end we obtain all of the parameters with indices k l and k l n o, see Eq. (17), (19).
In the following, we construct parameters with indices k l α β from parameters with indices
k l or k l n o.
1. Combine ǫα1α2 and parameters with indices k l, we obtain
(
ησΛΛk1
)l1 ǫα1α2 , Λl1l2 ǫα1α2 ,
Λ2 ηk1k2 ǫα1α2 and σΛΛ ηk1k2 ǫα1α2 .
2. Combine
(
σk1k2
)α1α2 with parameters without indices, we obtain Λ2 (σk1k2)α1α2 and
σΛΛ
(
σk1k2
)α1α2 .
3. Combine
(
σk1k2
)α1α2
and parameters with indices k l, we have 3 possible forms,
(a) Λ2
(
σk1k2
)
α1α2 ηl1l2 and σΛΛ
(
σk1k2
)
α1α2 ηl1l2 do not give new parameters.
(b) From
(
σk1k2
)
α1α2 Λl1l2 we can obtain
(
σn1k2
)
α1α2 Λn1
l2.
(c) We can reduce the number of σ in
(
σk1k2
)
α1α2
(
ησΛΛk3
)
l3 by using identities.
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4. Now consider combining
(
σk1k2
)α1α2 with parameters with indices k l n o:
(a) We can cancel ǫl1l2l3l4 in Λ2
(
σk1k2
)
α1α2 ǫl1l2l3l4 .
(b) Λ2
(
σk1k2
)
α1α2 ηl1l2 ηl3l4 and σΛΛ
(
σk1k2
)
α1α2 ηl1l2 ηl3l4 do not give new parameters.
(c) The ǫn1l1l2l3 in
(
σk1k2
)
α1α2 ǫn1l1l2l3 Λn1
l4 can be removed.
(d) For
(
σk1k2
)
α1α2
(
σΛΛk3k4
)
l3l4, if we contract k1, k2 with k3, k4, then we can reduce
the number of σ. If we contract k1, k2 with l3, l4, we can also reduce the number of
σ by using identities.
(e) We can reduce the number of σ in
(
σk1k2
)
α1α2 ηl1l2
(
ησΛΛk3
)
l3 .
(f)
(
σk1k2
)
α1α2 ηl1l2 Λl3l4 do not give new parameters.
We conclude that no new parameters will be produced by combing
(
σk1k2
)α1α2 with pa-
rameters with indices k l n o.
We found that we only need to construct parameters with indices k l α β by using at most
one
(
σk1k2
)
α1α2 , at most one ǫk1k2k3k4 , one Λl1β1 and one Λl2β2 . We list them as follows,
1. Without ǫk1k2k3k4 and
(
σk1k2
)
α1α2 we obtain Λl1β1 Λl2β2 .
2. Form ǫk1k2k3k4 Λl1β1 Λl2β2 we obtain ǫk1k2n1n2 Λn1
β1 Λn2
β2 .
3. Contract
(
σk1k2
)
α1α2 Λl1β1 Λl2β2 with ǫβ1β2, we obtain
(
σk1k2
)
α1α2 Λl1l2. Contract it with
ηk1l1 , the result is
(
σn1k2
)
α1α2 Λn1
l2 .
4. Contract
(
σk1k2
)
α1α2 Λl1β1 Λl2β2 with ǫα1β1 , the result is
(
σΛk1k2
)
l1α2 Λl2β2 , then we have
2 possibilities:
(a) Contract
(
σΛk1k2
)
l1α2 Λl2β2 with ηk1l1 , we obtain
(
ησΛk1
)
α2 Λl2β2. Contract it
with ηk1l2 , the result is (ησΛ
n1)α1 Λn1
β2. By combining it with ηk1k2 we obtain
ηk1k2 (ησΛn1) α1 Λn1
β2.
(b) Contract
(
σΛk1k2
)
l1α2 Λl2β2 with ηk2l2 , the result is
(
σΛn1k2
)
l1α2 Λn1
β2.
At the end we obtain all possible parameters with indices k l α β, see Eq. (20).
D.2 Λ4
In the following we will construct parameters with indices k l and k l n o.
1. From Λl1β1 Λl2β2 Λl3β3 Λl4β4 we obtain Λl1l2 Λl3l4 .
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2. From ǫk1k2k3k4 Λl1β1 Λl2β2 Λl3β3 Λl4β4 we have ǫk1k2k3k4 Λl1l2 Λl3l4 . By contracting it with
ηk1l1 ηk2l3, we obtain ǫ
n1n2k3k4 Λn1
l2 Λn2
l4.
3. Contract
(
σk1k2
)
α1α2 Λl1β1 Λl2β2 Λl3β3 Λl4β4 with ǫα1β1 ǫα2β2 ǫβ3β4 , the result is
(
σΛΛk1k2
)
l1l2 Λl3l4 .
If we contract li, we will obtain Λ
2. So we need to consider the following two cases,
(a) Contract
(
σΛΛk1k2
)
l1l2 Λl3l4 with ηk1l1 we have
(
ησΛΛk1
)
l1 Λl3l4 . Then contract it
with ηk1l3 , the result is (ησΛΛ
n1) l1 Λn1
l4 . The other contractions will generate Λ2 or
σΛΛ.
(b) Contract
(
σΛΛk1k2
)
l1l2 Λl3l4 with ηk1l3 we obtain
(
σΛΛn1k2
)
l1l2 Λn1
l4 , where k2 can
be contracted with l1, l2, l4. If we contract k2 with l4 by multiplying ηk2l4 , the result
is 0. If we contract k2 with l1 or l2, the result is (ησΛΛ
n1) l2 Λn1
l4. At the end we
obtain only one parameter with indices kl, that is (ησΛΛn1) l1 Λn1
l2 . Contract it
with ηk1k2 we obtain parameter with indices k l n o, that is ηk1k2 (ησΛΛn1) l1 Λn1
l2 .
4. Consider
(
σk1k2
)
α1α2
(
σk3k4
)
α3α4 Λl1β1 Λl2β2 Λl3β3 Λl4β4 , if we contract ǫα1β1 ǫα2β2 ǫα3β3 ǫα4β4
with it, the result is
(
σΛΛk1k2
)
l1l2
(
σΛΛk3k4
)
l3l4 . To construct parameters with indices
k l n o, we should contract it with two η. ki can not be contracted. li can not be con-
tacted too. Further more, if we contract ki in
(
σΛΛk1k2
)
l1l2 with li in
(
σΛΛk3k4
)
l3l4 , we
can transform it to contraction of ki with lj , where lj is in
(
σΛΛk1k2
)
l1l2 , by using Fierz
identities,
ηk1l4
(
σΛΛk1k2
)
l1l2
(
σΛΛk3k4
)
l3l4
= ηk1l4
(
σΛk1k2
)
l1α Λl2α
(
σΛk3k4
)
l3β Λl4β
= −ηk1l4
(
σΛk1k2
)
l1α
(
σΛk3k4
)
l3β Λl2α Λ
l4
β
= −ηk1l4
(
σΛk1k2
)
l1α
(
σΛk3k4
)
l3β
(
Λl2β Λ
l4
α + ǫαβ Λ
l2l4
)
= −ηk1l4
(
σΛΛk1k2
)
l1l4
(
σΛΛk3k4
)
l3l2 − ηk1l4
(
σΛk1k2
)
l1α
(
σΛk3k4
)
l3β ǫαβ Λ
l2l4
=
(
ησΛΛk2
)
l1
(
σΛΛk3k4
)
l3l2 +X.
where X represents expression in which the number of σ is reduced. So we only need to
contract
(
σΛΛk1k2
)
l1l2
(
σΛΛk3k4
)
l3l4 with ηk2l2, the result is
(
ησΛΛk1
)
l1
(
σΛΛk3k4
)
l3l4 .
We need to contract it with a η. There are 2 possibilities,
(a) Contract
(
ησΛΛk1
)
l1
(
σΛΛk3k4
)
l3l4 with ηk1l1 , we obtain σΛΛ. We do not consider
this case.
(b) Contract
(
ησΛΛk1
)
l1
(
σΛΛk3k4
)
l3l4 with ηk3l3, the result is
(
ησΛΛk1
)
l1
(
ησΛΛk4
)
l4 ,
we can reduce the number of σ by using identities.
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In summary,
(
σk1k2
)
α1α2
(
σk3k4
)
α3α4 Λl1β1 Λl2β2 Λl3β3 Λl4β4 do not generate new parame-
ters.
5. Consider
(
σk1k2
)
α1α2
(
σk3k4
)
α3α4
(
σk5k6
)
α5α6 Λl1β1 Λl2β2 Λl3β3 Λl4β4 . Because the number
of αi is 6, the number of βi is 4, at least 2 αi have to be contracted with ǫ. Then we can
reduce the number of σ and do not obtain new parameters.
At the end, we obtain all parameters with indices k l and k l n o, see Eq. (23), (25).
In the following we will construct parameters with indices k l α β from parameters with
indices k l or k l n o. Some of them can be obtained by combine Λ2 or σΛΛ and the parameters
with indices k l α β at order Λ2. The others are new parameters. We list the them as follows,
1. By combining ǫα1β1 and parameters with indices k l, we obtain ǫα1β1 (ησΛΛn1) l1 Λn1
l2 .
2. Combining
(
σk1k2
)
α1α2 and parameters without indices do not give new parameters.
3. By combining
(
σk1k2
)
α1α2 and parameters with indices k l, we obtain
(
σk1k2
)
α1α2 (ησΛΛn1) l1 Λn1
l2,
it do not give new parameters.
4. By combining
(
σk1k2
)
α1α2 and parameters with indices k l n o, we have 3 possibilities,
(a) From
(
σk1k2
)
α1α2 Λl1l2 Λl3l4 we have (σn1n2) α1α2 Λn1
l2 Λn2
l4 .
(b) In
(
σk1k2
)
α1α2 ǫn1n2k3k4 Λn1
l1 Λn2
l2 we can remove ǫn1n2k3k4 and do not obtain new
parameters.
(c) For
(
σk1k2
)
α1α2
(
ησΛΛk3
)
l3 Λl1l2 ,
(
σk1k2
)
α1α2
(
σΛΛn1k3
)
l1l2 Λn1
l3
and
(
σk1k2
)
α1α2 ηk3k4 (ησΛΛn1) l1 Λn1
l2 , we can reduce the number of σ in them and
do not obtain new parameters.
In summary, we only need to use at most one
(
σk1k2
)
α1α2 , one ǫk1k2k3k4 and Λl1β1 Λl2β2 Λl3β3 Λl4β4
to construct parameters with indices k l α β, we have 2 possibilities,
1. Due to different contractions of
(
σk1k2
)
α1α2 Λl1β1 Λl2β2 Λl3β3 Λl4β4 with ǫ, we can obtain
3 forms:
(
σk1k2
)
α1α2 Λl1l2 Λl3l4 ,
(
σΛk1k2
)
l1α2 Λl2β2 Λl3l4,
(
σΛΛk1k2
)
l1l2 Λl3β3 Λl4β4. By
contracting them with η, we obtain 6 parameters,
(σn1n2) α1α2 Λl2n1 Λ
l4
n2, (σΛΛ
n1n2) l1l2 Λn1
β3 Λn2
β4, (ησΛΛn1) l2 Λn1
β3 Λl4β4 .
(ησΛn1) α2 Λl2β2 Λl4n1 , (ησΛ
n1) α2 Λn1
β2 Λl3l4 , (σΛn1n2) l3α2 Λl4n2 Λn1
β2 ,
2. If we use ǫk1k2k3k4 , the result is ǫk1n1n2n3 Λl1n1 Λn2
β3 Λn3
β4.
At the end we obtain all parameters with indices k l α β, see Eq. (26).
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E The 1/2 supersymmetry invariant action
E.1 Λ2
We define,
Xi = Λ
2 xi,1 + σΛΛ xi,2, (A13)
Xi
k1k2 = xi,1
(
ησΛΛk1
)k2
+ xi,2 η
k1k2 Λ2 + xi,3 Λ
k1k2 + xi,4 η
k1k2 σΛΛ, (A14)
Xi
k1k2k3k4 = xi,1 η
k1k2
(
ησΛΛk3
)k4
+ xi,2 η
k1k2 ηk3k4 Λ2 + xi,3 η
k3k4 Λk1k2
+xi,4 η
k1k2 ηk3k4 σΛΛ, (A15)
Xi
k1k2,k3k4 = xi,1 η
k1k2
(
ησΛΛk3
)k4
+ xi,2 η
k1k3
(
ησΛΛk2
)k4
+ xi,3 η
k1k3 ηk2k4 Λ2
+xi,4 η
k1k2 ηk3k4 Λ2 + xi,5 η
k1k2 Λk3k4 + xi,6 η
k1k3 Λk2k4
+xi,7 η
k1k3 ηk2k4 σΛΛ+ xi,8 η
k1k2 ηk3k4σΛΛ + xi,9
(
σΛΛk1k3
)k2k4
, (A16)
Xi
k1α˙β = xi,1 ηk2k3
(
σk3
)α˙β (
ησΛΛk1
)k2
+ xi,2 ηk2k3
(
σk3
)α˙β (
ησΛΛk2
)k1
+xi,3 Λ
2
(
σk1
)α˙β
+ xi,4 σΛΛ
(
σk1
)α˙β
+ xi,5
(
σk2
)α˙β
Λk1k2 , (A17)
Xi
k1k2αβ = xi,1 η
k1k2 ǫαβ Λ2 + xi,2 η
k1k2 ǫαβ σΛΛ + xi,3 ǫ
αβ
(
ησΛΛk1
)k2
+xi,4 ǫ
αβ Λk1k2 + xi,5
(
σk1k3
)αβ
Λk2k3 + xi,6
(
σΛk1k3
)k2α
Λk3
β
+xi,7
(
ησΛk1
)α
Λk2β + xi,8 η
k1k2
(
ησΛk3
)α
Λk3
β, (A18)
Xi
k1k2αβ = xi,1 η
k1k2 ǫαβ Λ2 + xi,2 η
k1k2 ǫαβ σΛΛ + xi,3 Λ
2
(
σk1k2
)αβ
+xi,4 σΛΛ
(
σk1k2
)αβ
+ xi,5 ǫ
αβ
(
ησΛΛk1
)k2
+ xi,6 ǫ
αβ Λk1k2
+xi,7 Λ
k1α Λk2β + xi,8 ǫ
k1k2k3k4 Λk3
α Λk4
β + xi,9
(
σk1k3
)αβ
Λk2k3
+xi,10
(
σΛk1k3
)k2α
Λk3
β + xi,11
(
ησΛk1
)α
Λk2β. (A19)
where xi,j are free parameters. They can combine with operators as follows,
Xi
k1k2 Φ
(
∂k1∂k2Φ
+
)
, Xi
k1k2k3k4 Φ
(
∂k1∂k2∂k3∂k4Φ
+
)
,
Xi
k1k2,k3k4
(
∂k1∂k2Φ
+
) (
∂k3∂k4Φ
+
)
Φ+, Xi
k1α˙β (DβΦ) (∂k1Φ)
(
Dα˙Φ
+
)
Xi
k1k2αβ (∂k1∂k2DαΦ) (DβΦ)Φ, Xi
k1k2αβ (∂k1DαΦ) (∂k2DβΦ)Φ. (A20)
E.2 Λ4
We define,
Yi = yi,1 Λ
2 Λ2 + yi,2 Λ
2 σΛΛ+ yi,3 σΛΛ σΛΛ, (A21)
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Yi
k1k2 = yi,1 η
k1k2 Λ2 Λ2 + yi,2 η
k1k2 Λ2 σΛΛ+ yi,3 η
k1k2 σΛΛ σΛΛ
+yi,4 Λ
2 Λk1k2 + yi,5 σΛΛ Λ
k1k2 + yi,6 Λ
2
(
ησΛΛk1
)k2
+yi,7 σΛΛ
(
ησΛΛk1
)k2
, (A22)
Y i
k1k2 = yi,1 η
k1k2 Λ2 Λ2 + yi,2 η
k1k2 Λ2 σΛΛ+ yi,3 η
k1k2 σΛΛ σΛΛ
+yi,4 Λ
2 Λk1k2 + yi,5 σΛΛ Λ
k1k2 + yi,6 Λ
2
(
ησΛΛk1
)k2
+yi,7 Λ
2
(
ησΛΛk2
)k1
+ yi,8 σΛΛ
(
ησΛΛk1
)k2
+ yi,9 σΛΛ
(
ησΛΛk2
)k1
+yi,10
(
ησΛΛk3
)k1
Λk2k3 + yi,11
(
ησΛΛk3
)k2
Λk1k3 , (A23)
Yi
k1k2k3k4 = yi,1 η
k1k2 ηk3k4 Λ2 Λ2 + yi,2 η
k1k2 ηk3k4 Λ2 σΛΛ+ yi,3 η
k1k2 ηk3k4 σΛΛ σΛΛ
+yi,4 η
k1k2 Λ2 Λk3k4 + yi,5 η
k1k2 σΛΛ Λk3k4 + yi,6 η
k1k2 Λ2
(
ησΛΛk3
)k4
+yi,7 η
k1k2 σΛΛ
(
ησΛΛk3
)k4
, (A24)
Y i
k1,k2k3k4 = yi,1 η
k1k2 ηk3k4 Λ2 Λ2 + yi,2 η
k1k2 ηk3k4 Λ2 σΛΛ+ yi,3 η
k1k2 ηk3k4 σΛΛ σΛΛ
+yi,4 η
k3k4 Λ2 Λk1k2 + yi,5 η
k1k2 Λ2 Λk3k4 + yi,6 η
k2k3 σΛΛ Λk1k4
+yi,7 η
k1k2 σΛΛ Λk3k4 + yi,8 η
k2k3 Λ2
(
ησΛΛk1
)k4
+ yi,9 η
k2k3 Λ2
(
ησΛΛk4
)k1
+yi,10 η
k1k2 Λ2
(
ησΛΛk3
)k4
+ yi,11 η
k2k3 σΛΛ
(
ησΛΛk1
)k4
+yi,12 η
k2k3 σΛΛ
(
ησΛΛk4
)k1
+ yi,13 η
k1k2 σΛΛ
(
ησΛΛk3
)k4
+yi,14 Λ
k2k3
(
ησΛΛk1
)k4
+ yi,15 Λ
k2k3
(
ησΛΛk4
)k1
+yi,16 Λ
k1k2
(
ησΛΛk3
)k4
+ yi,17 η
k2k3 (ησΛΛn1)k4 Λk1n1
+yi,18 η
k2k3 (ησΛΛn1)k1 Λk4n1 , (A25)
Y˜i
k1k2,k3k4 = yi,1 η
k1k3 ηk2k4 Λ2Λ2 + yi,2 η
k1k2 ηk3k4 Λ2 Λ2 + yi,3 η
k1k3 ηk2k4 Λ2 σΛΛ
+yi,4 η
k1k2 ηk3k4 Λ2 σΛΛ + yi,5 η
k1k3 ηk2k4 σΛΛ σΛΛ
+yi,6 η
k1k2 ηk3k4 σΛΛ σΛΛ + yi,7 η
k1k3 Λ2 Λk2k4 + yi,8 η
k1k2 Λ2 Λk3k4
+yi,9 η
k1k3 σΛΛ Λk2k4 + yi,10 η
k1k2 σΛΛ Λk3k4 + yi,11 η
k1k3 Λ2
(
ησΛΛk4
)k2
+yi,12 η
k1k2 Λ2
(
ησΛΛk3
)k4
+ yi,13 η
k1k3 σΛΛ
(
ησΛΛk4
)k2
+yi,14 η
k1k2 σΛΛ
(
ησΛΛk3
)k4
+ yi,15 Λ
2
(
σΛΛk1k3
)k2k4
+yi,16 σΛΛ
(
σΛΛk1k3
)k2k4
+ yi,17 Λ
k1k2 Λk3k4 + yi,18 Λ
k1k2
(
ησΛΛk3
)k4
+yi,19 η
k1k3 (ησΛΛn1)k4 Λk2n1 + yi,20 ǫ
k1k3n1n2 Λk2n1 Λ
k4
n2 , (A26)
Yˆi
k1k2,k3k4 = yi,1 η
k1k3 ηk2k4 Λ2 Λ2 + yi,2 η
k1k2 ηk3k4 Λ2 Λ2 + yi,3 η
k1k3 ηk2k4 Λ2 σΛΛ
+yi,4 η
k1k2ηk3k4 Λ2 σΛΛ+ yi,5 η
k1k3 ηk2k4 σΛΛ σΛΛ
+yi,6 η
k1k2 ηk3k4 σΛΛ σΛΛ + yi,7 η
k3k4 Λ2 Λk1k2 + yi,8 η
k1k3 Λ2 Λk2k4
+yi,9 η
k1k2 Λ2 Λk3k4 + yi,10 η
k3k4 σΛΛ Λk1k2 + yi,11 η
k1k3 σΛΛ Λk2k4
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+yi,12 η
k1k2 σΛΛ Λk3k4 + yi,13 η
k1k3 Λ2
(
ησΛΛk2
)k4
+yi,14 η
k3k4 Λ2
(
ησΛΛk1
)k2
+ yi,15 η
k1k3 Λ2
(
ησΛΛk4
)k2
+yi,16 η
k1k2 Λ2
(
ησΛΛk3
)k4
+ yi,17 η
k1k3 σΛΛ
(
ησΛΛk2
)k4
+yi,18 η
k3k4 σΛΛ
(
ησΛΛk1
)k2
+ yi,19 η
k1k3 σΛΛ
(
ησΛΛk4
)k2
+yi,20 η
k1k2 σΛΛ
(
ησΛΛk3
)k4
+ yi,21 Λ
2
(
σΛΛk1k3
)k2k4
+yi,22 σΛΛ
(
σΛΛk1k3
)k2k4
+ yi,23 Λ
k1k2 Λk3k4 + yi,24 Λ
k3k4
(
ησΛΛk1
)k2
+yi,25 Λ
k1k2
(
ησΛΛk3
)k4
+ yi,26 η
k1k3 (ησΛΛn1)k4 Λk2n1
+yi,27 η
k1k3 (ησΛΛn1)k2 Λk4n1 + yi,28 ǫ
k1k3n1n2 Λk2n1 Λ
k4
n2 , (A27)
Y˜ i
k1,k2k3,k4 = yi,1 η
k1k4 ηk2k3 Λ2 Λ2 + yi,2 η
k1k3 ηk2k4 Λ2 Λ2 + yi,3 η
k1k4 ηk2k3 Λ2 σΛΛ
+yi,4 η
k1k3 ηk2k4 Λ2 σΛΛ + yi,5 η
k1k4 ηk2k3 σΛΛ σΛΛ
+yi,6 η
k1k3 ηk2k4 σΛΛ σΛΛ + yi,7 η
k2k3 Λ2 Λk1k4 + yi,8 η
k2k4 Λ2 Λk1k3
+yi,9 η
k1k2 Λ2 Λk3k4 + yi,10 η
k1k4 Λ2 Λk2k3 + yi,11 η
k2k3 σΛΛ Λk1k4
+yi,12 η
k2k4 σΛΛ Λk1k3 + yi,13 η
k1k2 σΛΛ Λk3k4 + yi,14 η
k1k4 σΛΛ Λk2k3
+yi,15 η
k2k3 Λ2
(
ησΛΛk1
)k4
+ yi,16 η
k2k3 Λ2
(
ησΛΛk4
)k1
+yi,17 η
k2k4 Λ2
(
ησΛΛk1
)k3
+ yi,18 η
k1k2 Λ2
(
ησΛΛk4
)k3
+yi,19 η
k2k4 Λ2
(
ησΛΛk3
)k1
+ yi,20 η
k1k2 Λ2
(
ησΛΛk3
)k4
+yi,21 η
k1k4 Λ2
(
ησΛΛk2
)k3
+ yi,22 η
k2k3 σΛΛ
(
ησΛΛk1
)k4
+yi,23 η
k2k3 σΛΛ
(
ησΛΛk4
)k1
+ yi,24 η
k2k4 σΛΛ
(
ησΛΛk1
)k3
+yi,25 η
k1k2 σΛΛ
(
ησΛΛk4
)k3
+ yi,26 η
k2k4 σΛΛ
(
ησΛΛk3
)k1
+yi,27 η
k1k2 σΛΛ
(
ησΛΛk3
)k4
+ yi,28 η
k1k4 σΛΛ
(
ησΛΛk2
)k3
+yi,29 ǫ
k1k2k4n1 Λ2 Λk3n1 + yi,30 Λ
2
(
σΛΛk1k2
)k3k4
+ yi,31 Λ
2
(
σΛΛk2k4
)k1k3
+yi,32 σΛΛ
(
σΛΛk1k2
)k3k4
+ yi,33 σΛΛ
(
σΛΛk2k4
)k1k3
+ yi,34 Λ
k1k4 Λk2k3
+yi,35 Λ
k2k3
(
ησΛΛk1
)k4
+ yi,36 Λ
k2k3
(
ησΛΛk4
)k1
+ yi,37 Λ
k2k4
(
ησΛΛk3
)k1
+yi,38 Λ
k1k2
(
ησΛΛk3
)k4
+ yi,39 Λ
k1k4
(
ησΛΛk2
)k3
+yi,40
(
σΛΛk2n1
)k3k4
Λk1n1 + yi,41
(
σΛΛk2n1
)k1k3
Λk4n1
+yi,42
(
σΛΛk2n1
)k1k4
Λk3n1 + yi,43 η
k2k3 (ησΛΛn1)k4 Λk1n1
+yi,44 η
k2k3 (ησΛΛn1)k1 Λk4n1 + yi,45 η
k2k4 (ησΛΛn1)k3 Λk1n1
+yi,46 η
k1k2 (ησΛΛn1)k3 Λk4n1 + yi,47 η
k2k4 (ησΛΛn1)k1 Λk3n1
+yi,48 η
k1k2 (ησΛΛn1)k4 Λk3n1 + yi,49 ǫ
k2k4n1n2 Λk1n2 Λ
k3
n1
20
+yi,50 ǫ
k1k2n1n2 Λk3n2 Λ
k4
n1 , (A28)
Yi
k1α˙β = yi,1 Λ
2 Λ2
(
σk1
)α˙β
+ yi,2 Λ
2 σΛΛ
(
σk1
)α˙β
+ yi,3 σΛΛ σΛΛ
(
σk1
)α˙β
+yi,4 Λ
2
(
σk2
)α˙β
Λk1k2 + yi,5 σΛΛ
(
σk2
)α˙β
Λk1k2
+yi,6 Λ
2 ηk2k3
(
σk3
)α˙β (
ησΛΛk1
)k2
+ yi,7 Λ
2 ηk2k3
(
σk3
)α˙β (
ησΛΛk2
)k1
+yi,8 σΛΛ ηk2k3
(
σk3
)α˙β (
ησΛΛk1
)k2
+ yi,9 σΛΛ ηk2k3
(
σk3
)α˙β (
ησΛΛk2
)k1
+yi,10 ηk3k4
(
σk4
)α˙β (
ησΛΛk2
)k3
Λk1k2 + yi,11 Λk2k3
(
σk3
)α˙β (
ησΛΛk2
)k1
, (A29)
Yi
k1k2αβ = yi,1 η
k1k2 ǫαβ Λ2Λ2 + yi,2 η
k1k2 ǫαβ Λ2 σΛΛ+ yi,3 η
k1k2 ǫαβ σΛΛ σΛΛ
+yi,4 ǫ
αβ Λ2
(
ησΛΛk2
)k1
+ yi,5 ǫ
αβ σΛΛ
(
ησΛΛk2
)k1
+ yi,6 ǫ
αβ Λ2 Λk1k2
+yi,7 ǫ
αβ σΛΛ Λk1k2 + yi,8 Λ
2
(
σk1k3
)αβ
Λk2k3 + yi,9 σΛΛ
(
σk1k3
)αβ
Λk2k3
+yi,10 Λ
2
(
σΛk2k3
)k1α
Λk3
β + yi,11 σΛΛ
(
σΛk2k3
)k1α
Λk3
β
+yi,12 Λ
2
(
ησΛk2
)α
Λk1β + yi,13 σΛΛ
(
ησΛk2
)α
Λk1β
+yi,14 η
k1k2 Λ2
(
ησΛk3
)α
Λk3
β + yi,15 η
k1k2 σΛΛ
(
ησΛk3
)α
Λk3
β
+yi,16 Λ
k1k2
(
ησΛk3
)α
Λk3
β + yi,17 ǫ
k2k3k4n1 Λk1n1 Λk3
β Λk4
α, (A30)
Y i
k1k2αβ = yi,1 η
k1k2 ǫαβ Λ2 Λ2 + yi,2 η
k1k2 ǫαβ Λ2 σΛΛ + yi,3 η
k1k2 ǫαβ σΛΛ σΛΛ
+yi,4 Λ
2 Λ2
(
σk1k2
)αβ
+ yi,5 Λ
2 σΛΛ
(
σk1k2
)αβ
+ yi,6 σΛΛ σΛΛ
(
σk1k2
)αβ
+yi,7 ǫ
αβ Λ2
(
ησΛΛk2
)k1
+ yi,8 ǫ
αβ σΛΛ
(
ησΛΛk2
)k1
+ yi,9 ǫ
αβΛ2Λk1k2
+yi,10 ǫ
αβ σΛΛ Λk1k2 + yi,11 Λ
2 Λk1β Λk2α + yi,12 σΛΛ Λ
k1β Λk2α
+yi,13 ǫ
k1k2k3k4 Λ2 Λk3
β Λk4
α + yi,14 Λ
2
(
σk2k3
)αβ
Λk1k3
+yi,15 σΛΛ
(
σk2k3
)αβ
Λk1k3 + yi,16 Λ
2
(
σΛk2k3
)k1α
Λk3
β
+yi,17 σΛΛ
(
σΛk2k3
)k1α
Λk3
β + yi,18 Λ
2
(
ησΛk2
)α
Λk1β
+yi,19 σΛΛ
(
ησΛk2
)α
Λk1β + yi,20 ǫ
αβ
(
ησΛΛk3
)k2
Λk1k3
+yi,21
(
σk3k4
)αβ
Λk1k3 Λ
k2
k4 + yi,22 ǫ
k2k3k4n1 Λk1n1 Λk3
β Λk4
α
+yi,23
(
σΛΛk3k4
)k1k2
Λk3
βΛk4
α + yi,24
(
ησΛΛk3
)k2
Λk1α Λk3
β
+yi,25
(
σΛk3k4
)k2α
Λk1k4 Λk3
β + yi,26
(
ησΛk3
)α
Λk2β Λk1k3 , (A31)
Y˜i
k1k2αβ = yi,1 η
k1k2 ǫαβ Λ2Λ2 + yi,2 η
k1k2 ǫαβ Λ2 σΛΛ+ yi,3 η
k1k2 ǫαβ σΛΛ σΛΛ
+yi,4 Λ
2 Λ2
(
σk1k2
)αβ
+ yi,5 Λ
2 σΛΛ
(
σk1k2
)αβ
+yi,6 σΛΛ σΛΛ
(
σk1k2
)αβ
+ yi,7 ǫ
αβ Λ2
(
ησΛΛk1
)k2
+yi,8 ǫ
αβ Λ2
(
ησΛΛk2
)k1
+ yi,9 ǫ
αβ σΛΛ
(
ησΛΛk1
)k2
+yi,10 ǫ
αβ σΛΛ
(
ησΛΛk2
)k1
+ yi,11 ǫ
αβ Λ2 Λk1k2 + yi,12 ǫ
αβ σΛΛ Λk1k2
21
+yi,13 Λ
2 Λk1α Λk2β + yi,14 σΛΛ Λ
k1α Λk2β + yi,15 ǫ
k1k2k3k4 Λ2 Λk3
β Λk4
α
+yi,16 Λ
2
(
σk1k3
)αβ
Λk2k3 + yi,17 Λ
2
(
σk2k3
)αβ
Λk1k3
+yi,18 σΛΛ
(
σk1k3
)αβ
Λk2k3 + yi,19 σΛΛ
(
σk2k3
)αβ
Λk1k3
+yi,20 Λ
2
(
σΛk1k3
)k2α
Λk3
β + yi,21 Λ
2
(
σΛk2k3
)k1α
Λk3
β
+yi,22 σΛΛ
(
σΛk1k3
)k2α
Λk3
β + yi,23 σΛΛ
(
σΛk2k3
)k1α
Λk3
β
+yi,24 Λ
2
(
ησΛk1
)α
Λk2β + yi,25 Λ
2
(
ησΛk2
)α
Λk1β
+yi,26 σΛΛ
(
ησΛk1
)α
Λk2β + yi,27 σΛΛ
(
ησΛk2
)α
Λk1β
+yi,28 η
k1k2 Λ2
(
ησΛk3
)α
Λk3
β + yi,29 η
k1k2 σΛΛ
(
ησΛk3
)α
Λk3
β
+yi,30 ǫ
αβ
(
ησΛΛk3
)k1
Λk2k3 + yi,31 ǫ
αβ
(
ησΛΛk3
)k2
Λk1k3
+yi,32
(
σk3k4
)αβ
Λk1k3 Λ
k2
k4 + yi,33 Λ
k1k2
(
ησΛk3
)α
Λk3
β
+yi,34 ǫ
k2k3k4n1 Λk1n1 Λk3
β Λk4
α + yi,35 ǫ
k1k3k4n1 Λk2n1 Λk3
β Λk4
α
+yi,36
(
σΛΛk3k4
)k1k2
Λk3
β Λk4
α + yi,37
(
ησΛΛk3
)k1
Λk2α Λk3
β
+yi,38
(
ησΛΛk3
)k2
Λk1α Λk3
β + yi,39
(
σΛk3k4
)k1α
Λk2k4 Λk3
β
+yi,40
(
σΛk3k4
)k2α
Λk1k4 Λk3
β + yi,41
(
ησΛk3
)α
Λk1βΛk2k3
+yi,42
(
ησΛk3
)α
Λk2βΛk1k3 . (A32)
where yi,j are free parameters. They can combine with operators as follows,
Yi
k1k2
(
D2Φ
)
Φ
(
∂k1∂k2Φ
+
)
, Y i
k1k2
(
∂k1D
2Φ
)
Φ
(
∂k2Φ
+
)
Φ+
Yi
k1k2k3k4 Φ
(
∂k1∂k2∂k3∂k4Φ
+
)
Φ+, Y i
k1,k2k3k4 Φ
(
∂k2∂k3∂k4Φ
+
) (
∂k1Φ
+
)
Y˜i
k1k2,k3k4 Φ
(
∂k1∂k2Φ
+
) (
∂k3∂k4Φ
+
)
, Yˆi
k1k2,k3k4
(
∂k3∂k4D
2Φ
)
Φ
(
∂k1∂k2Φ
+
)
Y˜ i
k1,k2k3,k4
(
∂k4D
2Φ
)
Φ
(
∂k2∂k3Φ
+
) (
∂k1Φ
+
)
, Yi
k1α˙β (DβΦ) (∂k1Φ)
(
Dα˙Φ
+
)
Φ+ Φ+
Yi
k1k2αβ (∂k1∂k2DαΦ) (DβΦ)Φ Φ
+, Y i
k1k2αβ (∂k1DαΦ) (∂k2DβΦ)Φ Φ
+
Y˜i
k1k2αβ (∂k1DαΦ) (DβΦ) (∂k2Φ)Φ
+ (A33)
By using Eq. (7) we can construct the following action,∫
d4x d4θ
{
Y1 θ
2 (
D2Φ
) (
D2Φ
)
Φ+ Y2 θ
2 (
D2Φ
)
Φ
(
Φ+
)2
+ Y3 θ
2 (
D2Φ
) (
D2Φ
)
Φ Φ+
+Y4 θ
2 (
D2Φ
) (
D2Φ
) (
D2Φ
)
Φ+ Y5 θ
2
Φ
(
Φ+
)4
+ Y6 θ
2 (
D2Φ
)
Φ
(
Φ+
)3
+Y7 θ
2 (
D2Φ
) (
D2Φ
)
Φ
(
Φ+
)2
+ Y8 θ
2
Φ
(
Φ+
)5
+ Y9 θ
2 (
D2Φ
)
Φ
(
Φ+
)4
+Y10 θ
2
Φ
(
Φ+
)6}
. (A34)
By using Eq. (8) we obtain,∫
d4x d4θ
{
Y11
k1k2 θ
2 (
D2Φ
)
Φ
(
∂k1∂k2Φ
+
)
+ Y12
k1k2 θ
2 (
∂k1∂k2D
2Φ
)
Φ Φ+
22
+Y 13
k1k2 θ
2 (
∂k1D
2Φ
)
Φ
(
∂k2Φ
+
)
+ Y14
k1k2 θ
2 (
∂k1D
2Φ
) (
∂k2D
2Φ
)
Φ
+Y15
k1k2 θ
2 (
∂k1∂k2D
2Φ
) (
D2Φ
)
Φ+ Y16
k1k2 θ
2
Φ
(
∂k1Φ
+
) (
∂k2Φ
+
)
Φ+
+Y17
k1k2 θ
2
Φ
(
∂k1∂k2Φ
+
) (
Φ+
)2
+ Y18
k1k2 θ
2 (
D2Φ
)
Φ
(
∂k1Φ
+
) (
∂k2Φ
+
)
+Y19
k1k2 θ
2 (
D2Φ
)
Φ
(
∂k1∂k2Φ
+
)
Φ+ + Y20
k1k2 θ
2 (
∂k1∂k2D
2
)
Φ2
(
Φ+
)2
+Y 21
k1k2 θ
2 (
∂k1D
2Φ
)
Φ
(
∂k2Φ
+
)
Φ+ + Y22
k1k2 θ
2 (
D2Φ
) (
D2Φ
)
Φ
(
∂k1∂k2Φ
+
)
+Y23
k1k2 θ
2 (
∂k1D
2Φ
) (
∂k2D
2Φ
)
Φ Φ+ + Y24
k1k2 θ
2 (
∂k1∂k2D
2Φ
) (
D2Φ
)
Φ Φ+
+Y 25
k1k2 θ
2 (
∂k1D
2Φ
) (
D2Φ
)
Φ
(
∂k2Φ
+
)
+ Y26
k1k2 θ
2
Φ
(
∂k1Φ
+
) (
∂k2Φ
+
) (
Φ+
)2
+Y27
k1k2 θ
2
Φ
(
∂k1∂k2Φ
+
) (
Φ+
)3
+ Y28
k1k2 θ4
(
∂k1∂k2Φ
+
) (
Φ+
)4
+Y29
k1k2 θ
2 (
D2Φ
)
Φ
(
∂k1Φ
+
) (
∂k2Φ
+
)
Φ+ + Y30
k1k2 θ
2 (
D2Φ
)
Φ
(
∂k1∂k2Φ
+
) (
Φ+
)2
+Y31
k1k2 θ
2 (
∂k1∂k2D
2Φ
)
Φ
(
Φ+
)3
+ Y 32
k1k2 θ
2 (
∂k2D
2Φ
)
Φ
(
∂k1Φ
+
) (
Φ+
)2
+Y33
k1k2 θ
2
Φ
(
∂k1Φ
+
) (
∂k2Φ
+
) (
Φ+
)3
+ Y34
k1k2 θ
2
Φ
(
∂k1∂k2Φ
+
) (
Φ+
)4
+Y35
k1k2 θ4
(
∂k1∂k2Φ
+
) (
Φ+
)5
+ Y36
k1k2 θ4
(
∂k1∂k2Φ
+
) (
Φ+
)6}
. (A35)
By using Eq. (9) we obtain,∫
d4x d4θ
{
Y37
k1k2k3k4 θ
2 (
∂k1∂k2∂k3∂k4D
2Φ
)
Φ+ Y38
k1k2k3k4 θ
2
Φ
(
∂k1∂k2∂k3∂k4Φ
+
)
Φ+
+Y 39
k1,k2k3k4 θ
2
Φ
(
∂k2∂k3∂k4Φ
+
) (
∂k1Φ
+
)
+ Y˜40
k1k2,k3k4 θ
2
Φ
(
∂k1∂k2Φ
+
) (
∂k3∂k4Φ
+
)
+Y41
k1k2k3k4 θ
2 (
∂k1∂k2∂k3∂k4D
2Φ
)
Φ Φ+ + Y 42
k1,k2k3k4 θ
2 (
∂k2∂k3∂k4D
2Φ
)
Φ
(
∂k1Φ
+
)
+Yˆ43
k1k2,k3k4 θ
2 (
∂k3∂k4D
2Φ
)
Φ
(
∂k1∂k2Φ
+
)
+ Y 44
k1,k2k3k4 θ
2 (
∂k1D
2Φ
)
Φ
(
∂k2∂k3∂k4Φ
+
)
+Y45
k1k2k3k4 θ
2 (
D2Φ
)
Φ
(
∂k1∂k2∂k3∂k4Φ
+
)
+Y46
k1k2k3k4 θ
2 (
∂k1∂k2∂k3∂k4D
2Φ
) (
D2Φ
)
Φ
+Y 47
k1,k2k3k4 θ
2 (
∂k2∂k3∂k4D
2Φ
) (
∂k1D
2Φ
)
Φ
+Y˜48
k1k2,k3k4 θ
2 (
∂k1∂k2D
2Φ
) (
∂k3∂k4D
2Φ
)
Φ
+Y49
k1k2k3k4 θ4
(
∂k1∂k2∂k3∂k4Φ
+
) (
Φ+
)3
+Y˜50
k1k2,k3k4 θ4
(
∂k1∂k2Φ
+
) (
∂k3∂k4Φ
+
) (
Φ+
)2
+Y51
k1k2k3k4 θ
2
Φ
(
∂k1∂k2∂k3∂k4Φ
+
) (
Φ+
)2
+Y 52
k1,k2k3k4 θ
2
Φ
(
∂k2∂k3∂k4Φ
+
) (
∂k1Φ
+
)
Φ+
+Yˆ53
k1k2,k3k4 θ
2
Φ
(
∂k3∂k4Φ
+
) (
∂k1Φ
+
) (
∂k2Φ
+
)
+Y˜54
k1k2,k3k4 θ
2
Φ
(
∂k1∂k2Φ
+
) (
∂k3∂k4Φ
+
)
Φ+
+Y55
k1k2k3k4 θ
2 (
∂k1∂k2∂k3∂k4D
2Φ
)
Φ
(
Φ+
)2
+Y 56
k1,k2k3k4 θ
2 (
∂k2∂k3∂k4D
2Φ
)
Φ
(
∂k1Φ
+
)
Φ+
+Yˆ57
k1k2,k3k4 θ
2 (
∂k3∂k4D
2Φ
)
Φ
(
∂k1∂k2Φ
+
)
Φ+
23
+Yˆ58
k1k2,k3k4 θ
2 (
∂k3∂k4D
2Φ
)
Φ
(
∂k1Φ
+
) (
∂k2Φ
+
)
+Y 59
k1,k2k3k4 θ
2 (
∂k1D
2Φ
)
Φ
(
∂k2∂k3∂k4Φ
+
)
Φ+
+Y˜ 60
k1,k2k3,k4 θ
2 (
∂k4D
2Φ
)
Φ
(
∂k2∂k3Φ
+
) (
∂k1Φ
+
)
+Y61
k1k2k3k4 θ
2 (
D2Φ
)
Φ
(
∂k1∂k2∂k3∂k4Φ
+
)
Φ+
+Y 62
k1,k2k3k4 θ
2 (
D2Φ
)
Φ
(
∂k2∂k3∂k4Φ
+
) (
∂k1Φ
+
)
+Y˜63
k1k2,k3k4 θ
2 (
D2Φ
)
Φ
(
∂k1∂k2Φ
+
) (
∂k3∂k4Φ
+
)
+Y64
k1k2k3k4 θ4
(
∂k1∂k2∂k3∂k4Φ
+
) (
Φ+
)4
+Y˜65
k1k2,k3k4 θ4
(
∂k1∂k2Φ
+
) (
∂k3∂k4Φ
+
) (
Φ+
)3
+Y66
k1k2k3k4 θ
2
Φ
(
∂k1∂k2∂k3∂k4Φ
+
) (
Φ+
)3
+Y 67
k1,k2k3k4 θ
2
Φ
(
∂k2∂k3∂k4Φ
+
) (
∂k1Φ
+
) (
Φ+
)2
+Y˜68
k1k2,k3k4 θ
2
Φ
(
∂k1∂k2Φ
+
) (
∂k3∂k4Φ
+
) (
Φ+
)2
+Yˆ69
k1k2,k3k4 θ
2
Φ
(
∂k3∂k4Φ
+
) (
∂k1Φ
+
) (
∂k2Φ
+
)
Φ+
+Y70
k1k2k3k4 θ
2
Φ
(
∂k1Φ
+
) (
∂k2Φ
+
) (
∂k3Φ
+
) (
∂k4Φ
+
)
+Y71
k1k2k3k4 θ4
(
∂k1∂k2∂k3∂k4Φ
+
) (
Φ+
)5
+Y˜72
k1k2,k3k4 θ4
(
∂k1∂k2Φ
+
) (
∂k3∂k4Φ
+
) (
Φ+
)4}
. (A36)
By using Eq. (10) we obtain,∫
d4x d4θ
{
Y73 θ
2 (
D2Φ
) (
D2Φ
)
Φ2 + Y74 θ
2 (
D2Φ
)
Φ2
(
Φ+
)2
+ Y75 θ
2 (
D2Φ
) (
D2Φ
)
Φ3
+Y76 θ
2 (
D2Φ
) (
D2Φ
)
Φ2 Φ+ + Y77 θ
2 (
D2Φ
) (
D2Φ
) (
D2Φ
)
Φ2 + Y78 θ
2
Φ2
(
Φ+
)4
+Y79 θ
2 (
D2Φ
)
Φ3
(
Φ+
)2
+ Y80 θ
2 (
D2Φ
)
Φ2
(
Φ+
)3
+ Y81 θ
2 (
D2Φ
) (
D2Φ
)
Φ3 Φ+
+Y82 θ
2 (
D2Φ
) (
D2Φ
)
Φ2
(
Φ+
)2
+ Y83 θ
2 (
D2Φ
) (
D2Φ
) (
D2Φ
)
Φ3 + Y84 θ
2
Φ3
(
Φ+
)4
+Y85 θ
2
Φ2
(
Φ+
)5
+ Y86 θ
2 (
D2Φ
)
Φ3
(
Φ+
)3
+ Y87 θ
2 (
D2Φ
)
Φ2
(
Φ+
)4
+Y88 θ
2 (
D2Φ
) (
D2Φ
)
Φ3
(
Φ+
)2
+ Y89 θ
2
Φ3
(
Φ+
)5
+ Y90 θ
2
Φ2
(
Φ+
)6
+Y91 θ
2 (
D2Φ
)
Φ3
(
Φ+
)4
+ Y92 θ
2
Φ3
(
Φ+
)6}
. (A37)
By using Eq. (11) we obtain,∫
d4x d4θ
{
Y93
k1k2 θ
2 (
∂k2∂k1D
2Φ
) (
D2Φ
)
Φ2 + Y94
k1k2 θ
2 (
∂k1D
2Φ
) (
∂k2D
2Φ
)
Φ2
+Y95
k1k2 θ
2 (
D2Φ
) (
D2Φ
)
(∂k1∂k2Φ)Φ + Y96
k1k2αβ θ
2
(∂k2∂k1DαΦ) (DβΦ)
(
D2Φ
)
Φ
+Y 97
k1k2αβ θ
2
(∂k1DαΦ) (∂k2DβΦ)
(
D2Φ
)
Φ+ Y˜98
k1k2αβ θ
2
(∂k2DβΦ) (DαΦ)
(
∂k1D
2Φ
)
Φ
+Y99
k1k2 ǫαβ θ
2
(DαΦ) (DβΦ)
(
∂k2∂k1D
2Φ
)
Φ+ Y100 θ
2 (
D2Φ
) (
D2Φ
)
Φ
(
D
2
Φ+
)
+Y101 ǫ
αβ θ
2
(DαΦ) (DβΦ)
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